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Copyright (c) 2005 The Thomson Corporation 
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COPYRIGHT (C) 2 005 THE THOMSON CORPORATION 
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COPYRIGHT (C) 2005 Elsevier Inc. All rights reserved. 
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COPYRIGHT (C) 2005 THE THOMSON CORPORATION 

FILE 'DGENE' ENTERED AT 15:36:22 ON 08 SEP 2005 
COPYRIGHT (C) 2005 THE THOMSON CORPORATION 

=> lact and dehydrogenase 

AND IS NOT A RECOGNIZED COMMAND 

The previous command name entered was not recognized by the system. 
For a list of commands available to you in the current file, enter 
"HELP COMMANDS" at an arrow prompt (=>) . 

=> s lact and dehydrogenase 
AND IS NOT A RECOGNIZED COMMAND 

The previous command name entered was not recognized by the system. 
For a list of commands available to you in the current file, enter 
"HELP COMMANDS" at an arrow prompt (=>) . 

s lactate or lactic 
LI 306608 LACTATE OR LACTIC 

=> s 11 and dehydrogenase 

L2 111292 LI AND DEHYDROGENASE 

s 12 and yeast 
L3 184 7 L2 AND YEAST 



=> s pyruvate or pyruvic 

L4 115611 PYRUVATE OR PYRUVIC 



=> s 14 and 13 
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ElO 


1 


PORRO ADRIANA MARIA/AU 
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PORRO ALESSANDRO/AU 
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FILE 'MEDLINE, BIOSIS, BIOTECHDS, EMBASE, WPIDS, DGENE ' ENTERED AT 

15:36:22 ON 08 SEP 2005 
LI 306608 S LACTATE OR LACTIC 

L2 111292 S LI AND DEHYDROGENASE 

L3 1847 S L2 AND YEAST 

L4 115611S PYRUVATE OR PYRUVIC 

L5 538 S L4 AND L3 

L6 377 S L5 AND (FERMENTATION OR PREPARATION OR PRODUCTION) 

E PORRO/AU 

=> s 14 and decarboylase 

L7 .0 L4 AND DECARBOYLASE 

=> d 16 ti abs ibib 1-10 

L6 ANSWER 1 OF 377 MEDLINE on STN 

TI Efficient production of L-Lactic acid by metabolically 

engineered Saccharomyces cerevisiae with a genome- integrated L- 
lactate dehydrogenase gene. 

AB We developed a metabolically engineered yeast which produces 

lactic acid efficiently. In this recombinant strain, the coding 
region for pyruvate decarboxylase 1 (PDCl) on chromosome XII is 
substituted for that of the 1 -lactate dehydrogenase 

gene (LDH) through homologous recombination. The expression of mRNA for 
the genome- integrated LDH is regulated under the control of the native 
PDCl promoter, while PDCl is completely disrupted. Using this method, we 
constructed a diploid yeast trans formant, with each haploid 
genome having a single insertion of bovine LDH. Yeast cells 
expressing LDH were observed to convert glucose to both lactate 
(55.6 g/liter) and ethanol (16.9 g/liter) , with up to 62.2% of the glucose 
being transformed into lactic acid under neutralizing 

conditions. This transgenic strain, which expresses bovine LDH under the 
control of the PDCl promoter, also showed high lactic acid 
production (50.2 g/liter) under nonneutralizing conditions. The 
differences in lactic acid production were compared 

among four different recombinants expressing a heterologous LDH gene 
(i.e., either the bovine LDH gene or the Bifidobacterium longum LDH gene): 
two transgenic strains with 2microm plasmid-based vectors and two 



genome- integrated strains. 
ACCESSION NUMBER: 2005178428 MEDLINE 
DOCUMENT NUMBER: P\abMed ID: 15812027 

TITLE: Efficient production of L-Lactic acid 

by metabolically engineered Saccharomyces cerevisiae with a 

genome- integrated L-lactate dehydrogenase 

gene. 
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SOURCE: Applied and environmental microbiology, (2005 Apr) 71 (4) 

1964-70. 

Journal code: 7605801. ISSN: 0099-2240. 
PUB. COUNTRY: United States 

DOCUMENT TYPE: (EVALUATION STUDIES) 

Journal; Article; (JOURNAL ARTICLE) 
LANGUAGE: English 
FILE SEGMENT: Priority Journals 

ENTRY MONTH: 200507 

ENTRY DATE: Entered STN: 20050407 ' 

Last Updated on STN: 20050707 
Entered Medline: 20050706 

L6 ANSWER 2 OF 377 MEDLINE on STN 

TI Homo fermentative lactate production cannot sustain 

anaerobic growth of engineered Saccharomyces cerevisiae: possible 
consequence of energy-dependent lactate export. 

AB Due to a growing market for the biodegradable and renewable polymer 
polylactic acid, the world demand for lactic acid is rapidly 
increasing. The tolerance of yeasts to low pH can benefit the process 
economy of lactic acid production by minimizing the 
need for neutralizing agents. Saccharomyces cerevisiae (CEN.PK 
background) was engineered to a homof ermentative lactate 
-producing yeast via deletion of the three genes encoding 
pyruvate decarboxylase and the introduction of a heterologous 
lactate dehydrogenase (EC 1.1.1.27). Like all 
pyruvate decarboxylase -negative S. cerevisiae strains, the 
engineered strain required small amounts of acetate for the synthesis of 
cytosolic acetyl -coenzyme A. Exposure of aerobic glucose-limited 
chemostat cultures to excess glucose resulted in the immediate appearance 
of lactate as the major fermentation product. Ethanol 
formation was absent. However, the engineered strain could not grow 
anaerobically, and lactate production was strongly 
stimulated by oxygen. In addition, under all conditions examined, 
lactate production by the engineered strain was slower 
than alcoholic fermentation by the wild type. Despite the 
equivalence of alcoholic fermentation and lactate 
fermentation with respect to redox balance and ATP generation, 
studies on oxygen -limited chemostat cultures showed that lactate 
production does not contribute to the ATP economy of the 
engineered yeast. This absence of net ATP production 

is probably due to a metabolic energy requirement (directly or indirectly 
in the form of ATP) for lactate export. 
ACCESSION NUMBER: 2004229566 MEDLINE 
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cerevisiae: possible consequence of energy-dependent 
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ANSWER 3 OF 377 MEDLINE on STN 

Lactic acid production by Saccharomyces cerevisiae 

expressing a Rhizopus oryzae lactate dehydrogenase 

gene . 

This work demonstrates the first example of a fungal lactate 
dehydrogenase (LDH) expressed in yeast. A L(+)-LDH 

gene, IdhA, from the filamentous fungus Rhizopus oryzae was modified to be 

expressed xinder control of the Saccharomyces cerevisiae adhl promoter and 

terminator and then placed in a 2 micro -containing yeast 

-replicating plasmid. The resulting construct, pLdhA68X, was transformed 

and tested by fermentation analyses in haploid and diploid 

yeast containing similar genetic backgrounds. Both recombinant 

strains utilized 92 g glucose/1 in approximately 30 h. The diploid 

isolate accumulated approximately 40% more lactic acid with a 

final concentration of 38 g lactic acid/1 and a yield of 0.44 g 

lactic acid/g glucose. The optimal pH for lactic acid 

production by the diploid strain was pH 5. LDH activity in this 

strain remained relatively constant at 1.5 units/mg protein throughout the 

fermentation. The majority of carbon was still diverted to the 

ethanol fermentation pathway, as indicated by ethanol yields 

between 0.25-0.33 g/g glucose. S. cerevisiae mutants impaired in ethanol 

production were transformed with pLdhA68X in an attempt to 

increase the lactic acid yield by minimizing the conversion' of 

pyruvate to ethanol. Mutants with diminished pyruvate 

decarboxylase activity and mutants with disrupted alcohol 

dehydrogenase activity did result in transf ormants with diminished 

ethanol production. However, the efficiency of lactic 

acid production also decreased. 
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Skory Christopher D 

Fermentation Biotechnology Research Unit, National Center 
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Research Service, 1815 N. University Street, Peoria IL 
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Journal of industrial microbiology & biotechnology, (2003 

Jan) 30 (1) 22-7. Electronic Publication: 2003-01-03. 

Journal code: 9705544. ISSN: 1367-5435. 
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Journal; Article; (JOURNAL ARTICLE) 

English 
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TI Pyruvate decarboxylase: a key enzyme for the oxidative 
metabolism of lactic acid by Acetobacter pasteurianus . 

AB Acetobacter pasteurianus, an obligately oxidative bacterium, is the first 
organism shown to utilize pyruvate decarboxylase (PDC) as a 
central enzyme for oxidative metabolism. In plants, yeast, and 
other bacteria, PDC functions solely as part of the fermentative ethanol 
pathway. During the growth of A. pasteurianus on lactic acid, 
the central intermediate pyruvate is cleaved to acetaldehyde and 
C0(2) by PDC. Acetaldehyde is subsequently oxidized to its final product, 
acetic acid. The presence of the PDC enzyme in A. pasteurianus was 
confirmed by zymograms stained for acetaldehyde production, 
enzyme assays using alcohol dehydrogenase as the coupling 
enzyme, and by cloning and characterization of the pdc operon, A. 
pasteurianus pdc was also expressed in recombinant Escherichia coli. The 
level of PDC activity was regulated in response to growth substrate, 
highest with lactic acid and absent with mannitol. The 
translated PDC sequence (548 amino acids) was most similar to that of 
Zymomonas mobilis, an obligately fermentative bacterium. A second operon 
( aldA) was also found which is transcribed divergently from pdc. This 
operon encodes a putative aldehyde dehydrogenase (ALD2; 357 
amino acids) related to class III alcohol dehydrogenases and most similar 
to glutathione-dependent formaldehyde dehydrogenases from 
alpha-Proteobacteria and Anabeana azollae. 
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Electronic Publication: 2001-09-25. 
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TI Efficient homolactic fermentation by Kluyveromyces lactis 

strains defective in pyruvate utilization and transformed with 

the heterologous LDH gene. 
AB A high yield of lactic acid per gram of glucose consumed and the 

absence of additional metabolites in the fermentation broth are 

two important goals of lactic acid production by 

microrganisms . Both purposes have been previously approached by using a 
Kluyveromyces lactis yeast strain lacking the single 
pyruvate decarboxylase gene (KlPDCl) and transformed with the 
heterologous lactate dehydrogenase gene (LDH) . The 

LDH gene was placed under the control the KlPDCl promoter, which has 
allowed very high levels of lactate dehydrogenase 

(LDH) activity, due to the absence of autoregulation by KlPdclp. The 
maximal yield obtained was 0.58 g g(-l), suggesting that a large fraction 
of the glucose consumed was not converted into pyruvate. In a 



different attempt to redirect pyruvate flux toward homolactic 
fermentation, we used K. lactis LDH transformant strains deleted 
of the pyruvate dehydrogenase (PDH) Elalpha subunit 

gene. A great process improvement was obtained by the use of producing 
strains lacking both PDH and pyruvate decarboxylase activities, 
which showed yield levels of as high as 0.85 g g{-l) (maximum theoretical 
yield, 1 g g(-l)), and with high LDH activity. 
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TI Replacement of a metabolic pathway for large-scale production of 
lactic acid from engineered yeasts. 

AB Interest in the production of L-(+) -lactic acid is 

presently growing in relation to its applications in the synthesis of 

biodegradable polymer materials. With the aim of obtaining efficient 

production and high productivity, we introduced the bovine L- 

lactate dehydrogenase gene (LDH) into a wild-type 

Kluyveromyces lactis yeast strain. The observed lactic 

acid production was not satisfactory due to the continued 

coproduction of ethanol . A further restructuring of the cellular 

metabolism was obtained by introducing the LDH gene into a K. lactis 

strain in which the unique pyruvate decarboxylase gene had been 

deleted. With this modified strain, in which lactic 

fermentation substituted completely for the pathway leading to the 

production of ethanol, we obtained concentrations, productivities, 

and yields of lactic acid as high as 109 g liter('-l), 0.91 g 

liter(-l) h(-l), and 1.19 mol per mole of glucose consumed, respectively. 

The organic acid was also produced at pH levels lower than those usual for 

bacterial processes. 
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TI Carbon and electron flow in Clostridium cellulolyticum grown in chemostat 
culture on synthetic medium. 

AB Previous results indicated poor sugar consumption and early inhibition of 
metabolism and growth when Clostridium cellulolyticum was cultured on 
medium containing cellobiose and yeast extract. Changing from 
complex medium to a synthetic medium had a strong effect on (i) the 
specific cellobiose consumption, which was increased threefold; and (ii) 
the electron flow, since the NADH/NAD+ ratios ranged from 0.29 to 2.08 on 
synthetic medium whereas ratios as high as 42 to 57 on complex medium were 
observed. These data indicate a better control of the carbon flow on 
mineral salts medium than on complex medium. By continuous culture, it 
was shown that the electron flow from glycolysis was balanced by the 
production of hydrogen gas, ethanol, and lactate. At 
low levels of carbon flow, pyruvate was preferentially cleaved 
to acetate and ethanol, enabling the bacteria to maximize ATP formation. 
A high catabolic rate led to pyruvate overflow and to increased 
ethanol and lactate production. In vitro, 
glyceraldehyde-3 -phosphate dehydrogenase, lactate 
dehydrogenase, and ethanol dehydrogenase levels were 
higher under conditions giving higher in vivo specific production 
rates. Redox balance is essentially maintained by NADH-fer redox in 
reductase -hydrogenase at low levels of carbon flow and by ethanol 
dehydrogenase and lactate dehydrogenase at 

high levels of carbon flow. The same maximum growth rate (0.150 h-1) was 
found in both mineral salts and complex media, proving that the uptake of 
nutrients or the generation of biosynthetic precursors occurred faster 
than their utilization. On synthetic medium, cellobiose carbon was 
converted into cell mass and catabolized to produce ATP, while on complex 
medium, it served mainly as an energy supply and, if present in excess, 
led to an accumulation of intracellular metabolites as demonstrated for 
NADH. Cells grown on synthetic medium and at high levels of carbon flow 
were able to induce regulatory responses such as the production 
of ethanol and lactate dehydrogenase. 



ACCESSION NUMBER: 
DOCUMENT NUMBER: 
TITLE: 

AUTHOR : 

CORPORATE SOURCE: 



SOURCE : 

PUB. COUNTRY: 
DOCUMENT TYPE: 
LANGUAGE : 
FILE SEGMENT: 
ENTRY MONTH: 
ENTRY DATE: 



1999255554 MEDLINE 
PubMed ID: 10322031 

Carbon and electron flow in Clostridium cellulolyticum 
grown in chemostat culture on synthetic medium. 
Guedon E; Payot S; Desvaux M; Petitdemange H 
Laboratoire de Biochimie des Bact eries Gram +, Domaine 
Scientifique Victor Grignard, Universit 
Facult e des Sciences, 54506 Vanduvre-1 
France . 

Journal of bacteriology, {1999 May) 181 
Journal code: 2985120R. ISSN: 0021-9193 
United States 

Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals 
199906 

Entered STN: 19990628 
Last Updated on STN: 19990628 
Entered Medline: 19990617 



e Henri Poincar e, 
es -Nancy C edex, 

(10) 3262-9. 



L6 ANSWER 8 OF 377 MEDLINE on STN 

TI Sporomusa silvacetica sp, nov., an acetogenic bacterium isolated from 
aggregated forest soil. 

AB Sporomusa silvacetica sp. nov. DG-IT (= DSMZ 10669T) (T = type strain) 
was isolated from well-drained, aggregated forest soil (pH 6.0) in 
east-central Germany. The cells were obligately anaerobic, slightly 
curved rods and were motile by means of laterally inserted flagella on the 
concave side of each cell. Typical cells were approximately 3.5 by 0.7 
micron. Cells stained weakly gram positive, but thin sections revealed a 
complex multilayer cell wall. Spores were spherical and distended the 
sporangia. Growth and substrate utilization occurred with ferulate, 
vanillate, fructose, betaine, fumarate, 2 , 3 -butanediol , pyruvate 
, lactate, glycerol, ethanol, methanol, formate, andH2-C02. 
With most substrates, acetate was the primary reduced end product and was 
produced in stoichiometries indicative of an acetyl -coenzyme A 
pathway-dependent metabolism. Fumarate was dismutated to succinate and 
acetate. Methoxyl and acrylate groups of various aromatic compovmds were 
0-demethylated and reduced, respectively. Yeast extract- was not 
required for growth. Cells grew optimally at approximately 30 degrees C 
and pH 6.8; under these conditions and with fructose as the substrate, the 
doTibling time was approximately 14 h. The lowest temperature that 
supported growth was between 5 and 10 degrees C. The carbon monoxide 
dehydrogenase and hydrogenase activities were approximately 9 and 
102 mumol min-1 mg of protein-1, respectively. A type b cytochrome was 
detected in the membrane. The G + C content was approximately 43 mol%. 
Phylogenetic analysis of the 16S ribosomal DNA indicated that DG-IT was 
most closely related to members of the genus Sporomusa in the Clostridium 
subphylum of the gram-positive bacteria. 
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TI Metabolic fuel utilization and pyruvate oxidation during the 
postnatal period. 

AB The transplacental supply of nutrients is interrnapted at birth, which 

diverts maternal metabolism to lactation. After birth, energy homeostasis 
is rapidly regained through milk nutrients which supply the newborn with 
the fatty acids and ketone bodies required for neonatal development. 
However, immediately after birth and before the onset of suckling there is 
a time lapse in which the newborn undergoes a unique kind of starvation. 
During this period glucose is scarce and ketone bodies are not available 
owing to the delay in ketogenesis. Under these circumstances, the newborn 
is supplied with another metabolic fuel, lactate, which is 
utilized as a source of energy and carbon skeletons. Neonatal rat lung, 
heart, liver and brain utilize lactate for energy 



production and lipogenesis. Lactate is also utilized by 

the brain of human babies with type I glycogenosis. Both rat neurons and 

astrocytes in primary culture actively use lactate as an 

oxidizable substrate and as a precursor of phospholipids and sterols. 

Lactate oxidation is enhanced by dichloroacetate, an inhibitor of 

the pyruvate dehydrogenase kinase in neurons but not 

in astrocytes, suggesting that the pyruvate 

dehydrogenase is regulated differently in each type of cell. 

Despite the low activity of this enzyme in newborn brain, pyruvate 

decarboxylation is the main fate of glucose in both neurons and 

astrocytes. The occurrence of a yeast-like pyruvate 

decarboxylase activity in neonatal brain may explain these results. 
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TI Transient responses of Candida utilis to oxygen limitation: regulation of 
the Kluyver effect for maltose. 

AB The facultatively fermentative yeast Candida utilis exhibits the 

Kluyver effect for maltose: this disaccharide is respired and assimilated 
but, in contrast to glucose, it cannot be fermented. To study the 
mechanism of the Kluyver effect, metabolic responses of C. utilis to a 
transition from aerobic, sugar-limited growth to oxygen-limited conditions 
were studied in chemostat cultures. Unexpectedly, the initial response of 
maltose-grown cultures to oxygen limitation was very similar to that of 
glucose-grown cultures. In both cases, alcoholic fermentation 
occurred after a lag phase of 1 h, during which glycerol, pyruvate 
and D-lactate were the main fermentation products. 

After ca. 10 h the behaviour of the maltose- and glucose-grown cultures 

diverged: ethanol disappeared from the maltose-grown cultures, whereas 

fermentation continued in steady-state, oxygen- limited cultures 

grown on glucose. The disappearance of alcoholic fermentation 

in oxygen- limited chemostat cultures growing on maltose was not due to a 

repression of the synthesis of pyruvate decarboxylase and 

alcohol dehydrogenase. The results demonstrate that the Kluyver 

effect for maltose in C. utilis does not reflect an intrinsic inability of 

this yeast to ferment maltose, but is caused by a regulatory 

phenomenon that affects a key enzyme in maltose metabolism, probably the 

maltose carrier. The observed kinetics indicate that this regulation 

occurs at the level of enzyme synthesis rather than via modification of 

existing enzyme activity. 
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